Objective: Many emergency department (ED) transfers of children may be avoidable. Identifying hospital-level variables associated with avoidable transfers may guide system-level interventions to improve pediatric emergency care. We sought to examine hospital characteristics associated with ED transfers deemed "probably avoidable" in a large state Medicaid program.
C hildren account for over 23 million emergency department (ED) visits per year. 1 Over 70% of ED visits by children occur at nonpediatric hospitals. 2 Some of these hospitals may be underprepared to care for children with pediatric emergencies, lacking pediatric-specific infrastructure, equipment, and personnel. 3, 4 In these cases, a cornerstone in emergency care of children is interfacility transfer to an ED or hospital capable of providing a higher level of pediatric care when needed. Despite the potential benefits of such transfers, there are also potential drawbacks, including associated travel, time, and monetary costs for both payers and families. If transfers are not associated with improved outcomes, they may ultimately represent lowvalue care.
In many cases, transfer to a pediatric facility is necessary for specialized care. However, as many as 55% of transferred patients are discharged home from the receiving ED after little or no additional interventions, suggesting that some transfers may be avoidable. [5] [6] [7] [8] Attention to these transfers has been part of efforts to improve pediatric emergency care. 9, 10 While prior studies have described patient and clinical characteristics of transfers that may be avoidable, [5] [6] [7] [8] 11 hospital characteristics and hospital-level variation have not been examined to the same degree. Understanding hospitallevel characteristics and variation may help inform strategies to reduce unnecessary transfers.
To better understand this issue, we sought to determine the prevalence of pediatric emergency transfers that may have been avoidable, to assess hospital-level variation in potentially avoidable transfer rates, and to examine hospital characteristics associated with these transfers. We focused on a large state Medicaid program since Medicaid is a major payer for pediatric health care, and nearly a quarter of pediatric Medicaid beneficiaries visit the ED annually. 12 We hypothesized that identifiable hospital characteristics would be associated with "probably avoidable" transfers and that variation in the proportion of transfers that were probably avoidable would exist across hospitals even after accounting for patient characteristics.
METHODS

Study Design
We performed a retrospective cohort study using 2009 to 2013 administrative claims data for Pennsylvania Medicaid beneficiaries. Pennsylvania is the sixth largest U.S. state, with Pennsylvania Medicaid covering 38% of Pennsylvania children. 13 These data, which are available through an ongoing partnership between the Pennsylvania Department of Human Services and our institution, include final action claims for all fee-for-service and managed care Medicaid beneficiaries. These data were augmented with data on hospital characteristics from the American Hospital Association and the Centers for Medicare & Medicaid Services' Healthcare Cost Report Information System. This study used deidentified data and was judged to be exempt by our institution's institutional review board.
Study Population
We included all Pennsylvania Medicaid beneficiaries aged 2 days through 16 years, inclusive, with an ED encounter identified using previously published methods. 14 We included ED visits initiated at Pennsylvania general and pediatric short-stay hospitals.
Identifying ED Transfers
We first classified all ED visits based on the patients' disposition from the presenting hospital: discharge to home, admission to the presenting hospital, and transfer to another hospital. Transfers to another hospital were identified based on an initial ED visit followed by an ED or inpatient claim at a different hospital on the same day or one day apart with an intervening ambulance claim. We excluded transfers to psychiatric hospitals. Because claims are date-stamped but not time-stamped, we ranked EDs based on annual pediatric visit volume and assigned transfer direction as moving from lower pediatric volume to higher pediatric volume EDs.
Defining "Probably Avoidable" and "Possibly Avoidable" Transfers We then categorized transfers into three mutually exclusive groups ("probably avoidable," "possibly avoidable," or "unavoidable") based on 1) patient disposition and 2) procedures/consultations at the receiving ED.
1) Patient disposition after transfer was categorized as discharged from the receiving ED, admitted to the receiving hospital for < 2 days, or either admitted for ≥ 2 days or died. Prior studies of potentially avoidable transfers have similarly distinguished brief admissions from more prolonged hospitalizations. 7, 8 2) Procedures after transfer were identified using International Classification of Diseases, Version 9.0, Clinical Modification (ICD-9-CM) procedure codes. We focused on procedures (i.e., resource utilization) because classification of ED visits by resource utilization provided higher concordance and agreement with full expert chart review than other methods (i.e., diagnoses, triage score) in prior work. 15 While some prior studies have examined whether any procedures occurred after transfer, [5] [6] [7] [8] we sought to refine this approach by differentiating between procedures that require transfer and procedures with the potential to be performed without transfer. We first identified all procedure codes (n = 1,286) at receiving hospitals. Two board-certified pediatric emergency medicine physicians with experience in several pediatric and general EDs independently rated the likelihood that each procedure would be routinely available at any ED. We used three categories: "always receivable" at any ED (e.g., x-ray wrist, bilirubin level); "potentially receivable" at any ED (e.g., treat fracture radius and ulna, computed tomography [CT] scan head/brain); and "never receivable" at nonspecialized ED (e.g., continuous mechanical ventilation 96+ hours, remove ventricle shunt). To categorize procedures, we considered not only overall availability but also whether they can be performed in a manner that is effective, safe, timely, and pediatric-specific. For example, receipt of an effective, safe, timely, and pediatric-specific head CT scan requires having a CT scanner, having pediatric-specific CT protocols, having age-appropriate immobilization/sedation options, and having timely pediatric radiologic interpretation. Given the need for all of these components for effective, safe, timely, and pediatric-specific head CT, this procedure was categorized as potentially receivable at any ED but not always receivable. We chose this conservative definition in recognition of the numerous factors that may limit the ability to provide pediatric-specific care at referring EDs to avoid overestimation of the number of probably avoidable transfers. Concordance between the two reviewers after initial review was adequate (weighted kappa = 0.66), 16 with discordances resolved through iterative discussion.
Additionally, because consultations are another intervention that can prompt transfer, 6, 11 we identified pediatric subspecialty consults using professional claims. We identified Current Procedural Terminology codes used for subspecialty consultations (99201-99215, 99241-99245, 99281-99285, 99221-99223, 90792) occurring on the day of transfer or first day after transfer. We then used the physician's National Provider Identifier code and associated taxonomies to further identify instances where the performing provider was a pediatric subspecialist (i.e., pediatric cardiologist, pediatric orthopedist), 17 excluding pediatric emergency medicine physicians and diagnostic specialties (i.e., pediatric radiology, pediatric pathology). Because pediatric subspecialist consultation can be provided in some hospitals via telemedicine, 18 pediatric subspecialty consults were categorized as potentially receivable but not always receivable.
After determining disposition and procedures/consultations, transfers were determined to be probably avoidable if the child 1) was discharged from the ED and 2) received either no procedure or only procedures always receivable at general EDs (Figure 1 ). These probably avoidable transfers are the focus of our main analysis.
For the purpose of sensitivity analysis examining the impact of a more inclusive definition of "avoidable," we further classified the remaining transfers as either unavoidable or possibly avoidable. The transfer was unavoidable if the child received at least one procedure classified as never receivable at general EDs, was admitted for ≥2 days posttransfer, or died (Figure 1) . The remaining transfers were possibly avoidable, with these transfers including either receipt of a potentially receivable procedure or brief admission (<2 days).
Patient, Visit, and Hospital Characteristics Patient sex, age, race, and visit year were determined from Medicaid enrollment files. Using primary diagnosis code at the presenting hospital, a published, publicly available pediatric diagnosis grouping system was applied that assigned both diagnosis group and illness severity. 19 Hospital characteristics were determined using 2010 to 2011 American Hospital Association data and 2005 to 2011 Centers for Medicare & Medicaid Services' Healthcare Cost Report Information System data. We identified five levels of hospital pediatric-specific capabilities: 1) pediatric ED, pediatric inpatient care, and pediatric intensive care unit (PICU) (termed "highly pediatric-resourced hospitals," including children's hospitals); 2) pediatric ED and pediatric inpatient care; 3) pediatric inpatient care only; 4) a pediatric ED only; or 5) no pediatric ED, inpatient, or PICU ("no pediatric-specific capability"). We also identified hospital size, annual ED volume, metropolitan statistical area (MSA) size, and straight-line distance from each hospital to the closest highly pediatricresourced hospital.
Data Analysis
We used descriptive statistics to summarize patient and hospital characteristics of ED visits stratified by disposition (i.e., discharged, admitted, transferred) and of ED transfers stratified by transfer type (i.e., probably avoidable, possibly avoidable, and unavoidable).We used chi-square tests to determine the significance of differences between these groups.
We then performed two multivariable analyses. First, to determine patient and hospital characteristics independently associated with any transfer, we used multivariable logistic regression with clustering of standard errors by hospital. The dependent variable was transfer (vs. nontransfer, including discharge from or admission to the presenting hospital). Second, to determine patient and hospital characteristics associated with probably avoidable transfer after adjusting for other characteristics, we used multivariable logistic regression with clustering of standard errors by hospital, with probably avoidable transfer (vs. possibly avoidable and unavoidable transfers) as the dependent variable. As a sensitivity analysis for this second model, we also fit a regression model using probably avoidable or possibly avoidable transfer (vs. unavoidable transfer) as the dependent variable. Independent variables in each model, which were selected a priori based on our conceptual model of variables thought to impact ED visit disposition, included hospital pediatric-specific capabilities, ED volume, MSA size, distance to closest highly pediatric-resourced hospital, child age, sex, race/ ethnicity, Medicaid eligibility category, illness severity code, diagnosis group, and year. All hypothesized variables were retained in the final models, and the area under the receiver operating curves for our main models indicated fair to good discrimination (>0.70). We excluded visits and transfers initially presenting to highly pediatric-resourced hospitals due to infrequent transfers from these hospitals. Finally, we used indirect standardization to estimate individual hospital-specific risk-adjusted transfer rates and hospital-specific riskadjusted probably avoidable transfer rates from separate models using only patient/visit characteristics (and not including hospital characteristics). Use of indirect standardization, based on the ratio between observed and expected transfer rates at each hospital, allowed comparison of hospital transfer rates after adjustment for the characteristics of each hospital's patient population. Analyses were conducted in Stata 14 (StataCorp) using an alpha level of 0.05 to test for statistical significance.
RESULTS
Characteristics of ED Visits and Transfers
Among 2,839,379 ED visits by children < 17 years to 158 hospitals in Pennsylvania, 20,304 visits resulted in transfer to another ED (0.7%; Data Supplement Figure 1 . Categorization of transfers by procedures at and ultimate disposition from the receiving hospital. The transfer was unavoidable (dark gray bars) if the child received at least one procedure classified as never receivable at general EDs, was admitted for ≥2 days posttransfer, or died. Remaining transfers were categorized as possibly avoidable (light gray bars) if the child received a potentially receivable procedure (including pediatric subspecialty consultations) or was admitted for < 2 days. Probably avoidable (white bars) were discharged from the receiving ED and received either no procedures or only procedures always receivable at general EDs.
S1, available as supporting information in the online version of this paper, which is available at http:// onlinelibrary.wiley.com/doi/10.1111/acem.13519/full). Unadjusted, the proportion of ED visits resulting in transfer was higher among children presenting to hospitals with a pediatric ED only compared to those presenting to highly pediatric-resourced hospitals or hospitals with pediatric inpatient unit but no pediatric ED (p < 0.001). The proportion of ED visits resulting in transfer was also higher for children presenting to hospitals within 30 miles of the closest highly pediatric-resourced hospital compared to hospitals > 60 miles from the closest highly pediatric resourced hospital (p < 0.001).
Probably Avoidable and Possibly Avoidable Transfers After disposition and procedures (including consultations) at the receiving hospital for the 20,304 transfers were considered, 3,764 (18.5%) were categorized as probably avoidable, based on discharge from the receiving ED and claims indicating either no procedures (n = 1,344) or only procedures determined to be always receivable at general EDs (n = 2,420; Table 1 . Among transfers from hospitals with no pediatric-specific capabilities, 23.4% were probably avoidable, compared to only 8.3% of transfers from hospitals with a pediatric ED but no pediatric inpatient care or PICU (p < 0.001). Hospitals with lower ED volume had more probably avoidable transfers compared to hospitals with higher ED volume (p < 0.001). Hospitals in large MSAs also had increased probably avoidable transfers compared to hospitals in small and medium MSAs.
Factors Associated With Overall Odds of Transfer
Factors associated with overall likelihood of transfer (vs. discharge or admission to the presenting hospital) adjusting for patient and hospital characteristics are shown in Table 2 . Children presenting to hospitals with a pediatric ED but no pediatric inpatient unit or PICU had higher odds of transfer (adjusted odds ratio [aOR] = 1.68, 95% confidence interval [CI] = 1.03-2.72) compared to those presenting to hospitals with no pediatric-specific capabilities. Additionally, children presenting to hospitals in large metropolitan areas had increased odds of transfer (aOR = 3.49, 95% CI = 2.04-5.96) compared to children presenting to hospitals in small metropolitan areas. Children presenting to hospitals > 60 miles from a highly pediatricresourced hospital had lower odds of transfer (aOR = 0.68, 95% CI = 0.47-0.97) compared to ED visits to hospitals within 30 miles of a highly pediatricresourced hospital. Table 2 . Compared to transfers from hospitals with no pediatric-specific capabilities, there was decreased odds of probably avoidable transfer from hospitals with a pediatric ED but no other pediatric-specific capabilities (aOR = 0.38, 95% CI = 0.21-0.71) or a pediatric ED and inpatient care but no PICU (aOR = 0.36, 95% CI = 0.20-0.64). Transfers from hospitals in large metropolitan areas had increased odds of probably avoidable transfer (aOR = 2.64, 95% CI = 1.46-4.80).
Factors Associated With Odds of Probably
Sensitivity analysis including possibly avoidable transfers with probably avoidable transfers as the dependent variable generated similar results (Data Supplement S2, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem. 13519/full), suggesting that our findings are robust to a range of definitions for transfers that may be avoidable.
Using indirect standardization to estimate individual hospital-specific risk-adjusted transfer percentages and hospital-specific risk-adjusted probably avoidable transfer percentages, adjusting for patient and visit characteristics (but not hospital characteristics), we found significant variation in both risk-adjusted transfer rates and risk-adjusted probably avoidable transfer rates across hospitals (Figure 2 ).
DISCUSSION
In a large statewide sample with nearly 20% probably avoidable transfers, we found odds of probably avoidable transfers were significantly increased for transfers from hospitals lacking pediatric-specific EDs and from hospitals in large metropolitan areas. Further, we found wide variation in risk-adjusted rates of probably avoidable transfers across EDs. This variation suggests that these transfers are related in part to hospital-level factors such as available resources and proximity of alternatives. Understanding such factors is particularly relevant given recent findings that hospitalized care for children is becoming increasingly concentrated. 20 Specifically, our findings can help guide improvements in organization of the pediatric emergency care system, including efforts to develop regional systems of care designed to optimize care for children by strengthening pediatric-specific capabilities and matching patient needs to hospital resources. 10 We found that hospitals with pediatric EDs but no other pediatric-specific capabilities (i.e., pediatric inpatient beds or PICUs) were more likely to transfer pediatric patients. However, transfers from these hospitals were less likely to be probably avoidable compared to facilities with no pediatric-specific capabilities. This finding aligns with previous work that potentially avoidable transfers occur less commonly when patients are transferred from EDs staffed by physicians with pediatric training. 21, 22 Together, this body of work suggests that expanding local pediatric expertise and resources may reduce both overall transfers and probably avoidable transfers. This is consistent with recognition of the difficulty and uncertainty that emergency physicians phase when risk stratifying children in the ED. 23 Strategies to address this problem may include pediatric physician and nursing champions in nonpediatric EDs and active educational outreach by pediatric ED specialists to community providers 23 to facilitate ongoing pediatric-specific education and knowledge translation. Telemedicine offers another potential means of extending pediatric expertise to additional EDs. Prior studies report that telemedicine is of interest to parents experiencing transfers, 24 may improve evaluation quality, 25 and may reduce illness severity among children requiring transfer, 26 although numerous barriers still face the uptake and sustainability of pediatric emergency telemedicine programs. 27, 28 We also found that presenting to an ED in large metropolitan areas was associated with both increased odds of transfers and increased odds of probably avoidable transfer. Proximity to a highly pediatricresourced hospital was also associated with increased All results are reported as n (row %). Row percentages provided to better allow comparison of transfers across hospital and patient characteristics. Percentages may sum to >100% due to rounding. ICU = intensive care unit; MSA = metropolitan statistical area. *Due to space constraints, only the five most common diagnosis categories are specifically listed, with all others grouped as "other." odds of transfer, but had no significant association with odds of probably avoidable transfer. Because larger MSAs have a higher concentration of EDs and hospitals, density of EDs rather than distance specifically to a highly pediatric-resourced hospital may contribute to this finding. Physicians or parents may be more interested in transfer if alternative hospitals are closer and thus more convenient. Alternatively, in a prior survey, physicians practicing with local access to pediatric specialists were less comfortable managing some pediatric conditions compared to those practicing without local access to pediatric specialists, 29 which could also contribute to increased transfers for hospitals in large metropolitan areas and close to highly pediatric-resourced hospitals. Relatedly, some hospitals in large metropolitan areas may have chosen intentionally to reduce their own pediatric facilities, resources, and staffing in light of the presence of alternative EDs for patients, which may also contribute to this finding. Given the increase in odds of both transfers and probably avoidable transfers, our results suggest that strategies targeting EDs in large MSAs may have the greatest impact on reducing probably avoidable transfers.
ACADEMIC EMERGENCY MEDICINE
In response to this finding, one potential strategy is to increase pediatric-specific expertise in these EDs through methods noted above, such as local champions, educational outreach, and telemedicine. An alternative approach, particularly for large metropolitan areas with multiple EDs, is to guide children to hospitals best prepared to receive and triage them. We found that hospitals vary significantly in the proportion of probably avoidable transfers coming from them, even after excluding the most highly pediatricresourced hospitals. This variability across EDs highlights the potential value of efforts to better identify 4 and to incorporate these hospitals into regionalization efforts. For example, some states have formal efforts to categorize ED based on pediatric-specific criteria, [30] [31] [32] such as "emergency department approved for pediatrics" status. In participating regions of California, emergency medical services (EMS) agencies preferentially transport critically ill children to the closest ED that has emergency department approved for pediatrics status. 30 In New Jersey, emergency department approved for pediatric status is mandated for all EDs. 32 The impact of such pediatric-specific designation strategies on avoidable transfers is not yet known. Ultimately, reducing the proportion of potentially avoidable transfers will require both regional and hospital-level approaches, as potential interventions (i.e., pediatric verification, EMS triage protocols, hospital transfer agreements, patient and provider outreach, telemedicine) require substantial collaborations.
LIMITATIONS
First, as a claims analysis, we did not have access to clinical data, so there is the potential for unmeasured confounders that our analysis was not able to identify. For example, we could not identify patients with family request or primary care physician request factoring into transfer decisions. However, in prior work, such requests only accounted for a small number of transfers. 11 Further, use of claims allowed us to assess patterns of care for over a million children across multiple years, and to capture transfers between all hospitals, rather than only those to a specific referral center. Second, our categorization of procedures was based on expert consensus rather than assessment of resources available at specific referring hospitals. Despite this limitation, by more fully recognizing potential resources at referring hospitals, this categorization improves on prior approaches that focused simply on whether any procedures occurred after transfer and is in keeping with prior work demonstrating the value of focusing on ED resource utilization in visit categorization. 15, 33, 34 Our sensitivity analysis indicates that our results regarding the association between hospital characteristics and transfers that may be avoidable were robust to both conservative and liberal algorithms to define these transfers, including consideration only of always receivable procedures versus always receivable and potentially receivable procedures. Third, identification of pediatric subspecialty ED consultations via claims only captured subspecialty consultations billed by attending subspecialists. As a result, we likely underestimated subspecialty consultations among ED transfers, thereby potentially overestimating probably avoidable transfers. We note that only a minority of visits statewide resulted in transfer, but such transfers warrant ongoing attention as they consume an increased proportion of time, resources, and expense for families, EDs, and insurers. Finally, our analysis exclusively evaluated the Medicaid population. However, Medicaid is the largest single insurer of children in Pennsylvania, and the desire for cost containment in Medicaid should make this analysis particularly relevant to state governments.
CONCLUSION
In conclusion, among pediatric patients with Medicaid in Pennsylvania with a nearly 20% probably avoidable transfer rate, there was significant hospital-level variation in the proportion of probably avoidable transfers. Specifically, larger metropolitan statistical area size increased the odds of a probably avoidable transfer, while hospitals with the presence of a pediatric-specific ED experienced lower odds of probably avoidable transfers. These results indicate that interfacility transfers are driven in part by referring hospital characteristics and support the need for targeted initiatives and interventions to support optimal care and triage of pediatric patients.
